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Objectives To determine the epidemiologic, clinical andmolecular characteristics of an outbreakof severe
gastroenteritis due to the ingestion of meat pies highly contaminatedwith Salmonella braenderup.
Methods In October1993, we observed an outbreakof Salmonella braenderup gastroenteritis that occurred
in the Lausanne area, Canton deVaud, Switzerland. Cultures of suspected food products, of samples at the
incriminated food factory and fromworkers, as well as a case^control study, were used to determine the
source of the epidemics. Ribotyping of representative Salmonella braenderup strains was performed to de¢ne
themolecular epidemiology.The clinical characteristics of this infectionwere determined by using a
standardized interview performed during and 6months after the outbreak in156 of 215 identi¢ed patients.
Results The outbreak resulted from the ingestion of pies, heavily contaminated (>106 CFU/g) with a
strain of Salmonella braenderup.The contaminationwas due tomishandling and recycling of jelly poured on
top of the products. According to its ribotype and plasmid characteristics, this strain had not been isolated
previously in Switzerland.Ten of the 24 workers of the incriminated food factory were shedding the
epidemic strain in their stools, and one of them reported gastroenteritis 3 weeks before the beginning of the
outbreak.The estimated attack rate in the exposed populationwas 7.5%.Themedian incubation timewas
18 h. Among127 adult patients studied, 98% had diarrhea, 95% abdominal pain, 74% feverr38.5 C, 69%
nausea and 35% vomiting. One patient developed prosthetic valve endocarditis, and one reactive arthritis.
Long-term complicationswere not identi¢ed, although12 patients complained of irritable bowel syndrome
and 24 of unusual asthenia lasting formore than 6weeks after infection. Children hadmore severe signs
and symptoms compared to adults, and six of 29 needed hospitalization.
Conclusions This study showed that ingestion of food highlycontaminatedwith Salmonella braenderup
resulted in severe but typical gastroenteritis and indicatedmishandling of food duringmanufacture as the
cause of this outbreak.
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I N T R O D U C T I O N
Salmonellae other than Salmonella typhi play a major role as a
cause of bacterial gastroenteritis in industrialized countries.
Since the late 1970s, an increase in frequency of salmonellosis
has been observed, with an estimated 800 000^3 700 000 cases
per year in theUSA [1^6]. Sporadic cases account for the great
majority of these infections. In Switzerland, less than 10% of
cases of human salmonellosis were associated with recognized
outbreaks [7]. Because of the diversity of the infecting strains
and heterogeneity of the human populations studied, recent
reports of salmonella infections have not focused on the clini-
cal expression of the disease.
In October 1993, an outbreak of salmonella gastroenteritis
occurred in the Canton of Vaud, Switzerland.This outbreak
was detected by the unusual number of Salmonella braenderup
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isolates reported by serial laboratories to the Cantonal authori-
ties. This serovar was isolated in only 0.5% of human salmo-
nellosis cases in Switzerland between 1989 and 1992 (Swiss
Reference Laboratory for Foodborne Diseases, Bern, Switzer-
land). Salmonella braenderup has been recognized since 1978 as a
cause of human salmonellosis and has also been isolated in
India, in feces of rapaces and cockroaches [8^10].To date, a sin-
gle outbreak of gastroenteritis due to this serovar has been
described, in association with a contaminated meal served in
an airliner in Finland [11].
The present outbreak was investigated to determine its ori-
ginal source, to prevent further cases and later outbreak, and to
characterize the clinical presentation of human salmonellosis
due to Salmonella braenderup.
M A T ER I A L S A N D ME T H O D S
Epidemiologic and clinical investigation
Case de®nition
A case was de¢ned as an individual residing in Canton de
Vaud, Switzerland and su¡ering from gastroenteritis asso-
ciated with positive stool culture for Salmonella braenderup dur-
ing the period extending from the beginning of October to
mid-November1993.
Case ®nding
The cases were found through themandatory reporting ofSal-
monella isolates by clinical microbiological laboratories to the
cantonal authorities, by enquiry among all regional hospitals
and practitioners of the Canton de Vaud, and by systematic
search during the case interviews for individuals who may
have been exposed to the incriminated food. Among 215 cases
identi¢ed, 156 available for a complete interview were
included in the study. Preliminary epidemiologic investiga-
tions quickly suggested that human infection with Salmonella
braenderupwas probably associated with the ingestion of meat
pies or terrines from a single, small food factory in the Lau-
sanne area. Indeed, the ¢rst patients seeking medical care
spontaneously suspected meat pies as the source of the infec-
tion.
Case clinical and food investigation
To characterize the clinical pro¢le of the disease, we used a
standardized phone interview of 156 identi¢ed patients. This
investigation was started during the peak of the outbreak.The
recorded characteristics included quantity and provenance of
meat pies or terrines ingested, delay between ingestion and
¢rst symptoms, and type and magnitude of symptoms and
signs.The severity of gastroenteritis was assessed by the cumu-
lative number of diarrheal stools and episodes of vomiting,
and by the degree of dehydration based on the percentage of
maximalweight loss during the acute illness.
To determine the incidence of potential septic or non-septic
complications, a follow-up interview was performed 6
months after the outbreak; 140 of the 156 patients studied dur-
ing the acute phase could be contacted. Irritable bowel syn-
drome and asthenia were recorded when lasting for more than
6weeks.
Case-control study
In a case^control study of food consumption, 20 randomly
chosen cases were compared to 40 controls (two per patient),
whowerematched for age, sex and residence [12].The controls
were identi¢ed with the help of the communal authority in
each residence area. The ingestion of various food products
(ham sandwich, meat terrine, vacherin cheese, cold meat,
eggs, pizza, cold chicken, meat pie) and symptoms such as
diarrhea, vomiting and fever during the last 4 weeks were
investigated for each case and control.
Food, personal and animal investigation
Qualitative and quantitative cultures of various food products
from this company were obtained, as well as stool samples
from the 24 workers and fecal specimens from eight snakes
belonging to one of them.
Microbiological investigation
Culture of Salmonella in stools or food products were per-
formed using Hektoen agar medium. Quantitative cultures of
pies were performed by homogenization of meat, jelly or
whole pie and serial dilutions in Ringer lactate solution. The
identity of each Salmonella braenderup isolate was con¢rmed by
the Swiss Reference Laboratory for Foodborne Diseases,
Bern, Switzerland.
For ribotyping, genomic DNAwas extracted by a modi¢ed
microprocedure, where the chloroform extraction step was
replaced by extraction with a commercially available mixture
of phenol, chloroform and isoamyl alcohol (Fluka, Buchs,
Switzerland) [13]. The restriction enzymes BglI, BglII, BssHII,
BstXI, ClaI, EcoRI, HaeII, HindIII, KpnI, MluI, NcoI, PstI,
PvuII and SmaI were used according to the manufacturer's
instructions (Boehringer-Mannheim, Mannheim, Germany)
to cut genomic DNA, which was then electrophoresed and
transferred to nylonmembranes by an alkaline blotting proce-
dure.The Southern blots were then separately hybridizedwith
probes for 16S and 23S ribosomal DNA, prepared and labeled
with digoxigenin by PCR. Details of the procedures, includ-
ing hybridization and detection of signals by chemilumines-
cence, were as published previously [14]. Plasmids were
extracted by amodi¢cation of the original alkaline lysis proce-
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dure of Birnboim and Doly from cultures grown in tryptic
soy broth [15].
Statistics
Di¡erences between groups were compared by using Fisher's
exact test. Signi¢cance was considered at the P level <0.05
[16].
R ES U L T S
Epidemiologic and clinical investigation
Two hundred and ¢fteen cases of gastroenteritis were identi-
¢ed between 14 October and 1 November 1993. The peak of
the outbreak occurred on 22 October (Figure 1). Among the
156 patients included in the study, all had ingested meat pies or
terrines produced by a single small food factory close to Lau-
sanne. On 23 October, the Public Health Service of the Can-
ton deVaud ordered the manufacturer to stop production and
to withdraw all potentially contaminated food that had been
already distributed. On 29 October, the local newspapers
advised the population to avoid consumption of meat pies and
terrines. The ingestion of terrines kept for several days in
home refrigerators accounted for the cases observed between
28 October and 1November. No subsequent case was identi-
¢ed.
The geographic distribution of the 156 patients revealed a
concentration of cases in the Lausanne area and in the middle
part of the Canton deVaud (Figure 2).The geographic location
of cases correlated with the location of retailers selling food
from the incriminated factory (data not shown).
Of the 156 patients with gastroenteritis due to Salmonella
braenderup analyzed for clinical presentation, 63% were male
and 37% female. Median age was 32 years (range 1^80 years),
and there were 29 children below the age of 16 years. The
attack rate was di¤cult to assess, since it was based on the
assumption that a person eats one pie and that all pies distribu-
ted are consumed. Based on 3000 potentially contaminated
items distributed and on the detection of 215 cases, the esti-
mated attack rate was 7.5%.
Figure 1 Cases of Salmonella braenderup gastroenteritis due
to the ingestion of contaminated meat pies by date of onset,
Canton de Vaud, Switzerland, October±November 1993. The
production of the incriminated food was stopped on 23 Octo-
ber 1993.
Figure 2 Geographic distribution of the cases of Salmonella
braenderup gastroenteritis during an outbreak occurring in the
Canton de Vaud, Switzerland (lower panel, shaded area). The
density of cases by residence is illustrated (upper panel) by
black circles of a diameter proportional to the local number of
patients (43 cases in Lausanne).
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The incubation time ranged from 6 to 72 h (mean 20.7).
Symptoms and signs are given inTable1. Diarrhea occurred
in all but three patients, and lasted for a mean of 5 days (range
1-12 days); the maximum number of stools was 40 per day.
Vomiting episodes were observed in 43% of patients; they
lasted from1 to 3 days. Information regarding weight loss was
available for 70% of the cases interviewed. Dehydration of
r5% was observed in 43% of adults and 80% of children.
Fever was present in 93% of cases, and the majority of patients
had a maximal temperature r38.5 C.The mean duration of
the acute illness was 5.3 days (range 1^12 days). Clinical pre-
sentation was more severe in children than in adults, as exem-
pli¢ed by a more frequent need for hospitalization. Medical
assistancewas sought by 75% of patients.
An 80-year-old woman developed acute endocarditis of a
prosthetic mitral valve. She was cured by a 6-week course of
cipro£oxacin without need for a valve replacement. One
patient was misdiagnosed as having acute appendicitis and
operated on. No case of septic osteoarthritis was identi¢ed.
One patient su¡ering from Addison's disease developed acute
adrenal insu¤ciency. A 33-year-old woman developed reac-
tive arthritis of the wrist 2 weeks after the acute illness. Our
follow-up study failed to reveal other long-term complica-
tions due to Salmonella braenderup gastroenteritis. Nonetheless,
several symptoms lasting 6 weeks or more were reported fol-
lowing salmonella infections: 12 (9%) of the patients com-
plained of abdominal pain and irritable bowel disease, and 24
(19%) of asthenia, although none of these patients had long-
term persistent asthenia and ful¢lled the criteria of chronic
fatigue syndrome; arthralgiawas reported by nine (6%) of the
patients.
The case^control study con¢rmed a signi¢cant association
between consumption of meat pies and occurrence of salmo-
nella gastroenteritis. It was not possible to ascertain the origin
of the meat pie. All the 20 randomly chosen cases had ingested
one or more pies during October 1993, compared with 15 of
40 matched controls (P< 0.001). There were no signi¢cant
associations with the other food items. None of the controls
presentedwith gastroenteritis.
Food, personal and animal investigation
From the beginning of the outbreak to the closing of the fac-
tory, a maximum of 2000 pies and 1500 terrines had been dis-
tributed. Five hundred pieces were recalled. An unknown
number of pies and terrines was destroyed by the retailers or
thrown away by the customers.Thus, the maximal number of
contaminated food items potentially consumedwas 3000.
The inspection of the food factory revealed that contamina-
tion of pies and terrines was due to mishandling of jelly: the
pies were cooked in an oven at 240 C for 60min. The tem-
perature attained in the products was not controlled but is
assumed to have been high enough to eliminate salmonellae.
In contrast, the jelly was poured onto pies or terrines at a tem-
perature of about 45 C. Jelly was prepared only once a week,
kept in the refrigerator, and reused daily. Newly prepared jelly
was added every week to the jelly remaining from the preced-
ing week.Terrines were only prepared once a week, on Mon-
days orTuesdays.
All cultures obtained from leftovers of pies or terrines con-
sumed by patients who presented with gastroenteritis were
positive for Salmonella braenderup. Quantitative cultures of food
products collected in the factory during the peak of the out-
break revealed 3106 CFU/mL of salmonellae in homoge-
nized pies; contamination was somewhat greater in the jelly
than in the meat (3.2106 versus 1.5106 CFU/g). The jelly
of terrines contained 1.1106 CFU/mL. Thus, the ingestion
of a pie weighing 70 g resulted in an inoculum greater than 2
 108 CFU.
Table 1 Clinical presentation of Salmonella braenderup gastroenteritis in 127 adults and 29 children
Symptoms and signs No. observed/No. adult patientsa (%) No. observed/No. childrena (%)
Diarrhea 124/127 (98) 29/29 (100)
Abdominal pain 121/127 (95) 29/29 (100)
Fever r38.5 C 82/111 (74) 23/28 (82)
Headache 92/127 (72) 20/27 (74)
Nausea 87/127 (68.5) 22/26 (85)
Myalgia 83/127 (65) 16/26 (61.5)
Dehydrationb 39/91 (43) 16/20 (80)
Vomiting 45/127 (35) 22/29 (76)
Need for hospitalization 10/127 (8) 6/29 (21)
aFigures indicate the number of patients with evaluable data for each clinical sign or symptom. bDehydration was de®ned by a loss of at
least 5% of body weight.
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To determine the source of the initial contamination of the
factory, stool cultures were performed in all 24 workers: 10
(42%) shed Salmonella braenderup. All 10 carriers were regular
consumers of pies from the factory, compared to only one of
the 14 employees who had negative stool cultures (P<
0.0001). Of the 10 carriers, one had su¡ered from gastroenteri-
tis at the beginning of October 1993.This worker possessed 40
snakes: fecal specimens could be obtained for eight of them,
and four were positive for various strains of Salmonella, but
none for Salmonella braenderup.Thus, the source of the contami-
nation of the factory by Salmonella braenderup was not identi-
¢ed.
Microbiological investigation
Hybridization pro¢les obtained with 16S and 23S ribosomal
DNAprobes were conserved for all restriction enzymes tested
except NcoI and PvuII. The combined pro¢les permitted the
delineation of three PvuII^NcoI ribotypes (Figure 3). All 11
isolates belonging to the outbreak, including three strains
from incriminated food whichwere tested, gave identical pat-
terns, as did seven strains of Salmonella braenderup obtained
from various sources worldwide.Two strains isolated in Swit-
zerland in the same region in 1967 and 1984 gave di¡erent
PvuII^NcoI ribotypes (Figure 3), whereas one patient isolate
from the same area and obtained 2 years prior to the outbreak
was of the e`pidemic' ribotype. However, the outbreak strain
of Salmonella braenderup carried a cryptic plasmid of 32 kDa,
whereas one of the unrelated strains carried three smaller plas-
mids, and the remaining unrelated strains, including the 1991
isolate, were devoid of plasmids.
D IS C U S S IO N
The great majority of cases of salmonella gastroenteritis in
Switzerland are currently caused by Salmonella enteritidis and
Salmonella typhimurium [7].These two serovars are closely asso-
ciated with eggs and poultry products, the most important
sources of sporadic cases and recent outbreaks [1,2,17^20].
Outbreaks have been described after consumption of unpas-
teurized milk, ice cream, meat, soya-bean and chocolate [21^
27]. In the present study, contamination of meat pies and terri-
nes has been documented as the source of infection.We have
shown that mishandling of the jelly, kept in the refrigerator,
melted every day at low temperature and reused over a period
of 2 or more weeks, was the main contributing factor. The
timing and themethod of introduction of Salmonella braenderup
in the food factory could not be determined. One of the work-
ers had an episode of acute gastroenteritis 3 weeks prior to the
outbreak and was shedding Salmonella braenderup at the time of
the epidemic.We suspected her as a potential source of con-
tamination of the factory. She was taking care of about 40
snakes at home. Feces of eight snakes were available for cul-
ture, and none harbored Salmonella braenderup.
The molecular analysis indicated that the epidemic strain
had not been previously identi¢ed in Switzerland or else-
where.Three di¡erent combinedNcoI^PvuII ribosomal DNA
hybridization patterns were found among the strains of Salmo-
nella braenderup tested. The pro¢le of the epidemic strains was
very common in isolates from several countries, including a
human strain from 1991 and one isolate from surface water
observed in summer 1993. The plasmid pro¢les of the Salmo-
nella braenderup isolates were the most informative molecular
markers, because a 32-kDa cryptic plasmid was unique in the
outbreak strain and was absent from all unrelated isolates of
Salmonella braenderup.
Based on 215 cases identi¢ed for less than 3000 contami-
nated food items sold, we calculated a minimal attack rate of
7.5%, a ¢gure consistent with other studies of salmonella
infection [5,22,28].
Asymptomatic infectionwas detected in nine of the factory
workers, all of whom habitually ate pies daily.
Figure 3 Comparison of ribosomal pro®les of various strains
of Salmonella braenderup using PvuII (a) and NcoI (b) as
restriction enzymes. Lanes 1±3: patient epidemic isolates. Lane
4: food epidemic isolate. Lanes 5 and 6: strains isolated in
Switzerland in 1967 and 1984. Lanes 7±9: strains from Malay-
sia, Mexico and South Africa.
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Our study showed that infection with Salmonella braenderup
resulted in typical but severe bacterial gastroenteritis. We
observed a relatively short incubation time of 20 h, compared
to 24^72 h for other salmonella outbreaks [3,25,28^30]. This
might be accounted for by a mean inoculation of 108 CFU
recorded in our study, whereas the ID50 is estimated to be 10
5
CFU for most salmonella infections [28,31,32]. None of our
cases had undergone gastrectomy or been treated with H2-
blockers or acid inhibitors. Diarrhea was the major manifesta-
tion of gastroenteritis, followed by abdominal pain, fever,
nausea, vomiting, headache and myalgia. All these symptoms
were more frequently observed than in other studies, although
the mean duration of diarrheal stools (5 days) was identical
[25,26,30,33]. As previously described, children had a higher
incidence of fever, vomiting and dehydration compared to
adults, explaining a greater need for hospitalization (21% ver-
sus 8%, respectively) [18,29,32].
This outbreak provided the opportunity for a population-
based estimate of the complication rate of salmonella gastro-
enteritis [34^38]. The complications were rare, with one case
each (0.64%) of prosthetic valve infection, pseudoappendicitis
and reactive arthritis. One of the most frequent complaints on
follow-up was persistent irritable bowel disease, reported by
9% of the patients, a ¢nding also reported recently [39].
Our observations showed that infection with a high inocu-
lum of Salmonella braenderup resulted in severe but typical gas-
troenteritis and a low number of systemic complications.
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